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DISCLAIMER
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necessary funds made available subject to budgetary and other constraints
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Costs indicated for task implementation and/or time for achievement of recovery
are estimates and subject to change. Recovery plans do not necessarily represent
the views or the official positions or approval of any individuals or agencies
involved in the plan, other than the U.S. Fish and Wildlife Service. They
represent the official position of the U.S. Fish and Wildlife Service only after they
have been signed by the Regional Director or Director as approved. Approved
recovery plans are subject to modification as dictated by new findings, changes in
species status, and the completion of recovery tasks.
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EXECUTIVE SUMMARY

Current Status: The Shasta crayfish (Pacifastacus fortis) is federally and State
listed as endangered. Its distribution is limited to the midsections of the Pit River
drainage, primarily the Fall River and Hat Creek subdrainages in Shasta County,
California. This species’ distribution is tied to the distribution of lava cobbles and
boulders originating in the volcanic geology of the Modoc Plateau. Overall,
Shasta crayfish populations have low abundance and fragmented distribution with
migration and genetic exchange between populations limited by hydroelectric
development, natural barriers, and habitat loss. The limits of its geographic range,
however, appear to have changed little over time. Currently, there are seven
populations of Shasta crayfish ranging in size from approximately fewer than 50
to 5,000.

Habitat Requirements and Limiting Factors: Shasta crayfish primarily live in
cool, clear, spring-fed headwaters that are characterized by clean volcanic cobbles
and boulders on top of gravel or sand. The volcanic cobble and boulders are
essential habitat components because they provide protective cover for the
crayfish. The main threats to Shasta crayfish include the introduction and
expansion of nonnative species of and fishes and disturbances related to land use
practices. Signal crayfish, which are rapidly expanding their abundance and
range, must immediately be excluded from the major subpopulations of Shasta
crayfish, and eradicated and controlled elsewhere, to prevent the extinction of
Shasta crayfish.

Objective: The primary objective of this plan is to stabilize and protect existing
populations so that Shasta crayfish may be reclassified as a threatened species and
ultimately delisted.

Criteria for Downlisting (status changes from endangered to threatened):

1. The 20 major subpopulations within 5 Shasta crayfish populations that are
currently free of nonnative crayfish species are protected to ensure they
remain isolated from nonnative crayfish species, and these subpopulations are
stable (i.e., self-sustaining and comprising representatives of all age classes).

2. The Crystal Lake and Sucker Springs Creek subpopulations, which have been

invaded by signal crayfish, are protected and stable due to elimination,
reduction, or management of signal crayfish.
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3. Over a 5-year period, population sizes remain constant at Upper Fall River,
Spring Creek, and Rising River, and population sizes increase at Lava Creek,
upper Tule River, Crystal Lake, and Sucker Springs.

4. Signal crayfish are eradicated in lower Lava Creek so that Shasta crayfish are
free of signal crayfish throughout the entire Lava Creek subdrainage.

5. The major subpopulations in each of the seven Shasta crayfish populations are
protected from disturbances related to land use practices.

Criteria for Recovery and Delisting (species is no longer federally threatened
or endangered):

1. Nonnative crayfish species, in particular signal crayfish, have been eliminated,
reduced, or managed in all Shasta crayfish subpopulations, so that they no
longer threaten the continued existence of Shasta crayfish at these sites.

2. All Shasta crayfish subpopulations are stable with population sizes that are
increasing over a 5-year period.

Actions Needed:

1. Protect Shasta crayfish populations by eradicating or preventing invasions by
nonnative crayfish, restoring habitat, and eliminating impacts from land
management practices.

2. Determine the status, distribution, and relative abundance of Shasta crayfish in

the mainstem of the Pit River.

Conduct research on the ecology, behavior, and pathology of Shasta crayfish.

4. Monitor and assess Shasta crayfish populations and determine population
targets for a sustainable and well-distributed population.

5. Develop effective watershed and ecosystem management plans for all
drainages supporting Shasta crayfish populations.

6. Provide public education on Shasta crayfish.

(O8]

Costs: approximately $4,500,000

Date of Delisting: 2012
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I. INTRODUCTION

A. Brief Overview

The continued existence of the Shasta crayfish (Pacifastacus fortis), the only
surviving species of crayfish native (endemic) to California, is at risk. Originally
designated as a rare species under California law in 1980, the Shasta crayfish was
listed as an endangered species by the State in 1988. The Shasta crayfish was
federally listed as an endangered species on September 30, 1988 (U.S. Fish and
Wildlife Service 1988). No critical habitat has been designated for this species.

The limited distribution and abundance of Shasta crayfish, coupled with an
apparent decline in the species, led to its endangered status. Its distribution is
limited to the midsections of the Pit River drainage, primarily the Fall River and
Hat Creek subdrainages (Figure 1). The greatest densities of Shasta crayfish are
found in the pristine headwater springs of the Fall River. A few of these springs
support locally abundant isolated populations. Other areas, which have generally
been considered marginal habitat, support a sparsely distributed, low abundance
of crayfish. Overall, Shasta crayfish have a low abundance and fragmented
distribution with migration and genetic exchange between populations limited by
hydroelectric development, natural barriers, and loss of habitat. No single event is
responsible for the species” decline. but numerous natural and human disturbances
over time have collectively resulted in the reduced abundance and fragmented

distribution of the Shasta crayfish.

Of the three species of crayfish endemic to California, only the Shasta crayfish
(formerly called the placid crayfish) remains. The sooty crayfish (Pacifastacus
nigrescens), which is the species considered to be the most closely related to
Shasta crayfish, has not been collected since the mid-1800s. Once a common
inhabitant of creeks in the vicinity of San Francisco, the sooty crayfish is now

considered extinct due to overharvesting, urbanization, and the introduction of the
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nonnative signal crayfish (Pacifastacus leniusculus leniusculus) to the San
Francisco Bay area in the late 1800s (Reigel 1959, Hobbs 1974, 1989, Bouchard
1977a). Subspecies of Pacifastacus leniusculus have been widely introduced
throughout the state and world, including the Klamath River drainage in
northwestern California where one subspecies (Pacifastacus leniusculus
klamathensis) is native. Because of overlapping ranges and interbreeding, the
different subspecies of Pacifastacus leniusculus are generally no longer
recognizable (Hobbs 1972); characteristics once useful in distinguishing the

subspecies are now often found on the same individual.

Within the last two decades, the signal crayfish was also introduced into the
native drainage of the Shasta crayfish in northeastern California. Many events or
disturbances in the last century have changed the habitat so that it is now more
suitable to a generalist such as the signal crayfish, which is a species that tolerates
a broad range of conditions, than to a specialist such as the Shasta crayfish, which
is a species that is adapted to a narrow range of conditions. The rapid expansion
of signal crayfish and the apparent decline of Shasta crayfish in this area suggests
that signal crayfish may replace Shasta crayfish as the signal crayfish once
probably replaced the sooty crayfish in the San Francisco Bay area.

B. Taxonomy

Shasta crayfish were first collected by Rutter and Chamberlain in 1898 in the Fall
River at Fall River Mills and Hat Creek near Cassel during a United States Fish
Commission study (Rutter 1903, 1908). Fall River Mills is the type locality, the
place where the specimen(s) used to describe the species’ distinguishing
characteristics was collected. Faxon (1914), using Rutter’s 1898 collections,
described Shasta crayfish as Astacus nigrescens fortis, because he believed it was
a subspecies of the San Francisco Bay area sooty crayfish. Bott (1950, cited in

Eng and Daniels 1982) separated the North American members of this genus into



the genus Pacifastacus and retained the generic name Astacus for some of the
Eurasian members of the genus. Hobbs assigned full species status to the Shasta
crayfish, Pacifastacus fortis, in 1972. The Shasta crayfish remained in the family
Astacidae when Hobbs created the family Cambaridae in 1972 for all crayfish
species that have two morphological forms for the male. All Cambarids are native
to areas east of the Continental Divide. Bouchard (1978) placed Shasta crayfish
in the subgenus Hobbsastacus because the rostrum, the area between the eyes in
the most anterior portion of the carapace (the shell covering the head and
midregion over the walking legs), has multiple pairs of marginal spines (Figure
2). The spiny rostrum of the Shasta crayfish is similar to the rostrums of four
other members of the genus Pacifastacus that are also placed in the subgenus
Hobbsastacus: P. chenoderma (fossil), P. connectens, P. gambelii, and P.

nigrescens.
C. Species Description

Shasta crayfish are medium-sized; the total carapace length (TCL) (see Figure 2)
of a typical adult is 27-50 millimeters (1.06—1.97 inches). The most common
coloration pattern for Shasta crayfish is a dark mocha brown on the back and a
bright orange red on the underside, especially on the pincher-like claws (chelae).
An occasional individual has a blue-green to bright blue dorsal (back) surface and

a light salmon ventral (underside) surface.

Shasta crayfish have a toothed (denticulate) margin on the rostrum (Figure 2). In
signal crayfish, the rostrum has three parts or protrusions (tripartite rostrum). The
inside margin of the chelae of the Shasta crayfish is smooth, while the chelae of
the signal crayfish is notched. Appendix A illustrates the physical characteristics
that differentiate the signal crayfish from the Shasta crayfish. The absence of

patches of bristles (setal patches) on their claws separate Shasta crayfish from
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Pacifastacus connectens (native to Idaho, northern Nevada, northern Utah, and
eastern Oregon) and Pacifastacus gambelii (a northern Rocky Mountains/Great
Basin species). Shasta crayfish have shorter and thicker claws than the sooty

crayfish, whose claws are long and narrow (Hobbs 1989).

Male and female Shasta crayfish differ physically (sexually dimorphism). The
first two pairs of abdominal appendages (pleopods or swimmerets) are hardened
and modified in males for sperm transfer to females. In addition, adult males have
narrower abdomens and larger claws than females. Adult females have broader
abdomens with lateral extensions of the exoskeleton on the abdomen (pleura); the

first pair of abdominal appendages is absent in females.

D. Life History and Ecology

Most crayfish are more active at night. Shasta crayfish are especially nocturnal
and remain hidden during the day. In general, Shasta crayfish come out from
hiding only after dark to browse on the periphyton (i.e., the community of plants,
animals, and associated detritus, or debris) that adhere to and form a surface
coating on the abundant lava rocks. Shasta crayfish that are found in the open
during daylight have generally either been disturbed from their refuge or appear ill

(M. Ellis, personal observation [pers. observ.}]).

Shasta crayfish are long-lived and slow-growing. Although age-class boundaries
are often not very distinct, especially in older reproductive crayfish, the relative
age of individual Shasta crayfish can be estimated from graphs based on data
showing the relationship between age and size (size-frequency histograms). It
takes 5 years for a Shasta crayfish to reach sexual maturity at 27 millimeters (1.06
inches) TCL. The largest Shasta crayfish found to date was a male, probably
10-15 years old, with a TCL of 58.7 millimeters (2.31 inches).



Mating occurs in October or November when the male deposits a capsule
containing sperm (spermatophore) on the underside of the female near her genital
opening at the base of the fourth pair of walking legs. Shortly afterwards, the
female lays 10-70 eggs, which she fertilizes with sperm from the spermatophores
and then attaches to the underside of her abdomen or tail. In the spring, the eggs
hatch into immature larval forms, the first instars, that are attached to the
underside of her abdomen by threads to the inner egg membrane. These molt into
second instars, miniatures of the adult that clasp the female with their tiny claws.
After a second molt, the third instars reach a total carapace length of 5-7
millimeters (0.20-0.27 inch) and gradually become free-living (Holdich and
Reeve 1988).

Potential Food Resources. No research has determined the food preferences and
nutritional requirements of Shasta crayfish, but there have been a number of
observations and hypotheses based on anatomy and observation in the field and
laboratory. The failure to capture this species by using baited traps (Eng and
Daniels 1982) led to the premise that Shasta crayfish were either carnivores (meat
eaters) or browsers (grazing on aquatic vegetation) rather than omnivorous
scavengers (feeding on dead or decaying plants and animals) like signal crayfish,
which are readily lured to baited traps. Bouchard (1977b) determined that the
structure of the mouthparts makes Shasta crayfish more efficient at scraping foods
such as periphyton than the signal crayfish, which has a more generalized incisor
surface. Shasta crayfish have been observed in the laboratory and field feeding on
the small blackish-green snail, Fluminicola spp. (M. Ellis, pers. observ.; T. Light
1990, unpublished [unpubl.] field notes). In the field, Shasta crayfish were
observed apparently feeding on snails, a strand of dead aquatic vegetation that
was probably a filamentous green algae (Rhizoclonium) (J. Clarke 1990 unpubl.

field notes), and organic debris.



During night dives, researchers have observed Shasta crayfish on rocks with their
mouthparts moving; this behavior suggests the crayfish are eating organisms
attached to rocks (periphyton) and possibly snails; however, crayfish can also
move their mouthparts as a sensory behavior when they are not feeding. Shasta
crayfish have been observed moving their first walking legs (pereiopods) to their
mouths or moving their claws to suggest feeding; although the crayfish were
apparently grazing, no specific food items could be identified (M. Ellis, pers.

observ.; Erman ef al. 1993).

Other observations have been made under artificial or experimental settings that
could affect crayfish behavior. Shasta crayfish kept in aquaria have fed on both
freshwater limpets (Lanx spp.) and tubifex worms (Eng and Daniels 1982).
During one series of experiments, Shasta crayfish were fed crayfish chow, meal
worms, and brine shrimp (Mojica et al. 1993), all of which are not found in their
native environment. [t was unknown whether this diet met the species nutritional
requirements. When almost all of these crayfish died, it was assumed to be a
result of high water temperatures during the experiment. One Shasta crayfish was
observed eating a dead juvenile rainbow trout during an enclosure experiment in
Crystal Lake during the summer of 1993 (M. Ellis, pers. observ.). Shasta crayfish
in the Pit | Laboratory have been observed eating numerous snails, particularly
Fluminicola spp. and, to a lesser extent, Juga spp. (M. Ellis, pers. observ.)

The primary food of Shasta crayfish appears to be the periphyton and
invertebrates that are abundant in their native environment. Other potential food
resources include trout, sucker, and sculpin eggs, which are seasonally abundant.
Although some of the items Shasta crayfish will consume are known, nothing is
known about their actual nutritional requirements. Some understanding of the
nutritional requirements of Shasta crayfish is necessary before initiating long-term
captive breeding programs.



Potential Predators. Many native and introduced fish, amphibian, reptile, and
mammal species in the midsections of the Pit River drainage are known to prey on
crayfish (Table 1), although predation on Shasta crayfish has not been
documented. Some species are occasional benthic feeders that would probably eat
small crayfish, particularly young of the year (YOY), when encountered. Other
potential predators include bullfrogs, turtles, garter snakes, mammals, and a
variety of birds. Bullfrogs, which are not native west of the Rockies (Stebbins
1985), were introduced and are now common in Crystal Lake and Big Lake.
Bullfrogs prey on crayfish (Tack 1941, Penn 1950). Although many turtles eat
crayfish (Tack 1941, Lagler and Lagler 1944), no references to western pond

turtle predation on crayfish were found. Garter snakes eat crayfish on occasion.

Two of the three native aquatic mammals, river otters and mink, are known to
prey on crayfish. Observations of a pair of river otters feeding on signal crayfish
in the Pit River indicate that they are extremely effective and efficient crayfish
predators (M. Ellis, pers. observ.). Most of the river otter scat found in the area is
composed solely of pieces of crayfish shell (M. Ellis, pers. observ.). Muskrats,
which prey on crayfish, were introduced into the drainage in the early 1930's.
Racoons are also known to eat crayfish. Beavers are herbivorous and unlikely to
impact crayfish. The impact of these potential predators on Shasta crayfish is not

known.

One of the largest great blue heron rookeries in California is located in Ahjumawi
Lava Springs State Park (Figure 1) along Ja-She Creek. A smaller great blue
heron rookery is found on an island in the Pit River downstream of the State
Highway 299 Bridge. The impact of avian predators on Shasta crayfish 1s
unknown.
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name

Scientific Name

Crayfish
Predator

Comments

Fish' Rainbow trout

( Native) Sacramento sucker

Pit-Klamath brook lamprey

Rough sculpin

Bigeye marbled sculpin

Sacramento squawfish

Oncorhynchus mykiss

Catostomus occidentalis

Lampetra lethophaga

Cottus asperrimus

Cottus klamathensis macrops

Ptychocheilus grandis

Yes

Possible

No

Possible

Possible

Yes

Spring areas; eggs are a potential food resource
for Shasta crayfish

Spring areas; eggs are a potential food resource
for Shasta crayfish; possibly eat Shasta crayfish
young-of-the-year (YOY)

Spring areas; eggs are a potential food resource
for Shasta crayfish

Spring areas; found throughout Fall River
drainage; low numbers in Pit River and lower
Hat Creek (downstream from Rising River
subdrainage); eggs are a potential food resource
for Shasta crayfish; possibly eat Shasta crayfish
YOY; State listed as threatened and Federal
species of concern

Spring areas; found throughout Fall River
drainage; low numbers in Pit River and lower
Hat Creek (downstream from Rising River
subdrainage); eggs are a potential food resource
for Shasta crayfish; possibly eat Shasta crayfish
YOY; State species of special concern

Lakes and rivers; spawn in spring areas

U Taub 1972; Rickett 1974; J. Cook, pers. comm. 1995; L. Eng, unpubl. data; California Department of Fish and Game, unpubl. records
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name Scientific Name Crayfish Comments
Predator

Pit sculpin Cottus pitensis Possible Only sculpin in Rising River subdrainage and
upper Hat Creek; also native to lower Hat Creek,
Sucker Springs Creek, and mainstem Pit River;
not found in Fall River drainage, or Crystal Lake;
eggs are a potential food resource for Shasta
crayfish; possibly eat YOY crayfish

Hardhead Mylopharadon conocephalus Possible Native to midsections of Pit River drainage, but
not generally found with Shasta crayfish;
possibly eat YOY crayfish

Tui chub Gila bicolor Possible Native to midsections of Pit River drainage, but
not generally found with Shasta crayfish;
possibly eat YOY crayfish

Tule perch Hysterocarpus traski Possible Native to midsections of Pit River drainage, but
not generally found with Shasta crayfish;
possibly eat YOY crayfish

Fish' Brown trout Salmo trutta Yes Spring areas, especially in fall spawning season
(Introduced) Brown bullhead Ameiurus nebulosus Yes Crystal Lake

Largemouth bass Micropterus salmoides Yes Successful in using Shasta crayfish habitat,
including some spring areas, especially in winter

Green sunfish Lepomis cyanellus Yes Not generally found with Shasta crayfish

! Taub 1972; Rickett 1974; J. Cook, pers. comm. 1995; L. Eng, unpubl. data; California Department of Fish and Game, unpubl. records
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name Scientific Name Crayfish Comments
Predator
Bluegill Lepomis macrochirus Possible Not generally found with Shasta crayfish; could
possibly eat YOY crayfish
Black crappie Pomoxis nigromaculatus Yes Not generally found with Shasta crayfish
Smallmouth bass Micropterus dolomieu Yes Not generally found with Shasta crayfish
Brook trout Salvelinus fontinalis Possible Not generally found with Shasta crayfish; could
possibly eat YOY crayfish
Channe] catfish Ictalurus punctatus Yes Not generally found with Shasta crayfish
White catfish Ameiurus catus Not generally found with Shasta crayfish
Common carp Cyprinus carpio Possible Not generally found with Shasta crayfish
Golden shiner Notemigonus crysoleucas Possible Not generally found with Shasta crayfish; large
shiners could possibly eat YOY crayfish
Black bullhead Ameiurus melas Yes Not generally found with Shasta crayfish
Mosquito fish Gambusia affinis No Not generally found with Shasta crayfish
Benthic
Invertebrates
Crayfish  Signal crayfish Pacifastacus leniusculus Yes Nonnative species; interferes with and replaces

Shasta crayfish; potential to transmit pathogens
and parasites to Shasta crayfish
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name Scientific Name Crayfish Comments
Predator
Virile (fantail) crayfish Orconectes virilis Yes Nonnative; potential competitor with Shasta

Mussels*  California floater
Winged floater
Oregon floater
Montane peaclam
Western ridgemussel
Western pearshell

Snails

Anodonta californiensis
Anodonta wahlamatensis
Anodonta oregonensis
Pisidium ultramontanum
Gonidea angulata
Margaritifera falcata

Juga acutifilosa

Fluminicola seminalis

Lanx patelloides

crayfish; potential to transmit pathogens and
parasites to Shasta crayfish

Federal species of concern

Federal species of concern

Abundant and commonly found in spring areas;
generally found on lava substrate; Shasta
crayfish fed on snails in this genus in captivity

Abundant and commonly found in spring areas;
found on green algae (Rhizoclonium hookeri, but
not Spirogyra spp.); Shasta crayfish observed
feeding on snails in this genus’ in the field and in
captivity

2 Signal crayfish were observed eating mussels (M. Ellis, pers. observ.)

3 T. Light 1990, unpubl. field notes
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name Scientific Name Crayfish Comments
Predator
Physella gyrina Associated with fine sediment in larger lakes and
rivers
Helisoma newberryi Associated with fine sediment in larger lakes and
rivers
Vorticifex effusa
Birds* Great blue heron Ardea herodias Yes
Belted kingfisher Ceryle alcyon Yes
Green-backed heron Butorides striatus Yes
Black-crowned night heron Nycticorax nycticorax Yes
American bittern Botaurus lentiginosus Yes
Bufflehead Bucephala albeola Possible
Common goldeneye Bucephala clangula Possible
Ring-necked duck Aythya collaris Possible
Western grebe Aechmophorus occidentalis Possible
Pied-billed grebe Podilymbus podiceps Possible
Double-crested cormorant Phalacrocorax auritus Possible

* Tack 1941, Lagler and Lagler 1944
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name Scientific Name Crayfish Comments
Predator
Sora Porzana carolina Possible
Virginia rail Rallus limicola Possible
Spotted sandpiper Actitis macularia Possible
Mammals® River otter Lutra canadensis Yes
Mink Mustela vison Yes
Beaver Castor canadensis No Herbivorous, not likely to impact crayfish
Muskrat Ondatra zibethica Yes Destabilize banks and increase sediment
Raccoon Procyon lotor Yes
Amphibians® Bullfrog Rana catesbeiana Yes Introduced and now common in Crystal Lake

and Big Lake

Reptiles’ Western pond turtle Clemmys marmorata Possible

Garter snake Thamnophis spp. Yes

5 Errington 1941; Burt and Grossenheider 1976, MacDonald 1985; Hanson et al. 1989; M. Ellis, pers. observ.
® Tack 1941, Penn 1950, Stebbins 1985
7 Tack 1941, Lagler and Lagler 1944
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name

Scientific Name

Crayfish
Predator

Comments

Aquatic Filamentous green algae
Vegetation®

Buttercup

Water-milfoil

Filamentous green algae

Waterweed

Rhizoclonium spp.

Ranunculus spp.

Myriophyllum spp.

Spirogyra spp.

Elodea spp.

Spring species; dominant vegetation in
headwater spring areas where most Shasta
crayfish populations are found; Shasta crayfish
observed feeding on strand of dead aquatic
vegetation thought to be in this genus®

Spring species; patchy and covers small amounts
of habitat

Spring species; patchy and covers small amounts
of habitat

Covers large areas in Little Tule, Tule, and lower
Fall Rivers; usually found in nutrient-rich
eutrophic waters; not generally found with
Shasta crayfish

River species; found in Fall, Tule, and Little Tule
rivers; and near shores of Pit 1 Forebay, Fall
River Pond, Big Lake; some below Pit 1
Powerhouse

% Ellis and Hesseldenz 1993
% J. Clarke, unpubl. field notes
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Table 1. Animal and plant species associated with the Shasta crayfish in the Pit River and its subdrainages (Figures 1, 4, 5, and 8).

Common Name Scientific Name Crayfish Comments
Predator

Horned-pondweed Zannichellia sp. -- River species; found in Fall, Tule, and Little Tule
Rivers and near shores of Pit 1 Forebay, Fall
River Pond, Big Lake; some below Pit 1
Powerhouse

Hornwort Ceratophyllum spp. -- Associated with streambanks in Big Eddy pool
above the Pit River Canyon and Pit 1 Forebay




E. Habitat and Ecosystem
Physical Environment

Geologic Background. The past and present distribution of the Shasta crayfish is
integrally tied to the geologic history of the Modoc Plateau, an immense lava field
covering most of northeastern California. Because volcanic rock is porous, most
rainfall percolates through the lava into the groundwater. Surface water is
minimal, so rainfall from over 80 kilometers (50 miles) away and snowmelt from
Lassen Peak, Medicine Lake Highlands, and other lesser peaks feed the
groundwater that comes to the surface at contact springs (formed where permeable
lava flows overlie less-permeable material such as lakebed sediment) in the
midsections of the Pit River drainage (Norris and Webb 1990, Rose et al. 1996).
The midsections of the Pit River drainage lie along the western margin of the

Modoc Plateau geomorphic province.

Evidence from a recent study indicates that the Lassen volcanic highlands are the
recharge area (source of water) for springs where Shasta crayfish are found in the
Hat Creek Basin (Rose ef al. 1996). Precipitation on the Lassen volcanic
highlands percolates through the lava into a large central aquifer system
underlying Hat Creek Valley, which supplies water to Rising River and Crystal
Lake springs. The hydrologic features of the Fall River spring system are very
similar to those of the Hat Creek basin springs. Preliminary data indicate that the
Medicine Lake Highlands are the source of water for the Fall River springs (Rose
et al. 1996). The Fall River and Rising River subdrainages, and to a lesser extent
Hat Creek and the midsections of the Pit River, are characterized by extensive
cold water springs (9-12 degrees Celsius; 48.2-53.6 degrees Fahrenheit). The
volcanic origin of the area is also responsible for the dominant feature of Shasta
crayfish habitat: lava cobble and boulders.
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The second major geologic feature that determines the location of many of the
springs in the area is the extensive deposits originating from large prehistoric
lakes (Pleistocene/Pliocene). The Fall River and Hat Creek basins were part of a
large lake or series of lakes that connected the Klamath Basin, in Oregon, and
northern California (Russell 1885, Meinzer 1922, Hanna and Gester 1963). These
prehistoric lakes also feature prominently in the zoogeography (animal
distribution) of the region (Taylor and Smith 1981, Taylor 1985).

Drainage Description. The Pit River, which drains most of northeastern
California, meanders through marshy pasture along the broad, low-gradient valley
floors of its upper drainage in Lassen and Modoc Counties. Although the
tributary streams of the upper Pit River are precipitous, cold and clear, the upper
Pit River is often multichanneled, slow flowing, warm, and turbid. The upper
river once flowed through indefinite channels creating extensive marshlands
through the valleys in its upper drainage (Moyle and Daniels 1982). Most of
these marshlands, however, have now been drained, with 20-25 percent of the
water diverted for irrigation and the river and lowland portions of the tributaries
channelized (Moyle and Daniels 1982).

The character of the Pit River changes below the mouth of Fall River, one of its
largest tributaries. The Fall River is renowned for its size, flow, and clarity,
which result from countless springs throughout its upper sections (Figure 3).
Historically, the Fall River flowed over a series of falls into the Pit River at Fall
River Mills. Now, virtually all of the Fall River’s flow is diverted through the Pit
1 Powerhouse and enters the Pit River 10 kilometers (6.2 miles) below the point
where the two rivers originally merged (Figure 1). At present, there are no regular
releases of water into the 350-meter (0.2-mile) section of the Fall River channel
upstream from the Pit River. The only water in this section downstream from the
Fall River Weir (concrete dam with gates) is from seepage, except during

occasional floods and spills. Below the historic mouth of Fall River, the Pit River
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is fed by numerous small springs as it flows through 7 kilometers (4.3 miles) of
steep-walled, moderate-gradient canyon and over the Pit River Falls, which are
approximately 12 meters (40 feet) high (Figure 3). After the springs in the Pit
River canyon (Figure 3) and the water from Fall River (via the Pit 1 Powerhouse)
contribute their cooling flows, the Pit River becomes a rapid, high-volume,
moderately cold-water river. Water enters the Pit River downstream of the Pit 1
Powerhouse from several springs, including three major spring-fed tributaries:
Sucker Springs Creek, Hat Creek, and Burney Creek (Figure 1). Hat Creek is the
largest of these tributaries; the majority of its water comes from the Rising River
subdrainage, whose springs are sustained by snowmelt from the Lassen Volcanic
National Park area (Rose et al. 1996).

Fall River and Hat Creek are the two major subdrainages in the middle section of
the Pit River drainage. Both of these subdrainages are predominately spring-fed.
Fall River originates at Thousand Springs (Figure 1). The only above-ground
tributaries to the Fall River are Bear and Dana Creeks. The channel of the lower
Fall River (below its confluence with the Tule River) (Figure 1) is much wider
than that of the upper Fall River, due to a broader floodplain and higher flows.
Tule River receives its water from springs in its upper sections, including Big
Lake and Ja-She Creek (Figure 1). Lava Creek and Eastman Lake are the spring-
fed headwaters of the Little Tule River. The Tule River and upper Fall River each
generally contribute about half of the 700-1,500 cubic feet per second (cfs) total

flow in the lower Fall River.

The headwaters of Hat Creek, and its tributary Lost Creek, are on the lower north
slope of Lassen Peak. Both streams are fed by snowmelt and small springs. For
most of the year, the upper 61 kilometers (38 miles) of Hat Creek above its
confluence with Rising River remains a small meandering stream. The majority
of water in lower Hat Creek comes from Rising River and its tributary Rising
River Lake (Figure 1). Like the Fall River, Rising River originates as a series of
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large springs on the edge of a lava field. Hat Creek is diverted to Hat 1
Powerhouse about 1.0 kilometer (0.6 mile) below its confluence with Rising River
at the town of Cassel. About 5.5 kilometers (3.4 miles) of Hat Creek below Hat 1
Powerhouse is now impounded to form Baum Lake, which is the reservoir for Hat

2 Powerhouse (Figure 1).

The second major source of spring water in lower Hat Creek is Crystal Lake,
which flows into Baum Lake. The Crystal Lake Fish Hatchery, operated by the
California Department of Fish and Game, is located near the confluence of Crystal
and Baum Lakes. Below Baum Lake the majority of Hat Creek is diverted
through a concrete flume to Hat 2 Powerhouse. The 5.6-kilometer (3.5-mile)
section of Hat Creek below Hat 2 Powerhouse has been managed as a wild trout
stream since 1968. A 3-meter (9.8-foot)-high fish barrier prevents the movement
of both nongame species and trout from Lake Britton into the wild trout area of
Hat Creek.

Aquatic Environment

Shasta crayfish are generally found in the cold, clear, spring-fed headwaters of the
midsections of the Pit River drainage, particularly in the headwaters of the Fall
River subdrainage. In general, Shasta crayfish habitat is defined by the
availability of cover, or refugia (protected places), provided by clean lava cobbles
and boulders on gravel or sand. Although potential food resources, temperature,
and water chemistry constituents (e.g., dissolved oxygen, calcium, pH) may also
limit the distribution of Shasta crayfish, the range of these conditions where
Shasta crayfish are found is considerable.

Substrate. During the Pit 1 rare species study (Ellis and Hesseldenz 1993),
substrate was identified as silt, sand, Bear Creek gravel, lava gravel, lava cobbles,
lava boulders, lava bedrock, diatomaceous earth/clay (earth composed of the
shells of diatoms, a type of unicellular algae), or earthen clumps. Substrate in the
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upper Fall River consisted predominantly of fine sediment (sand and silt) with
patches of lava cobbles and gravel. Portions of this section have received
significant deposits of sediment, both fine and coarse material, from Bear Creek
during high-flow events in some winters. Sedimentary materials from Bear Creek
have created extensive beds of gravel that cover 94 percent of the upper river
channel from Bear Creek to Read’s Bridge (Figure 4). Below the mouth of Bear
Creek, the gravel covers the west side of the river channel for 0.8 kilometer (2,600
feet) downstream to the Navigation Limit (the southern boundary of Section 19,
Township 38 North, Range 4 East). This shallow, 0.10-0.75-meter (4—30-inch)-
deep segment of river constitutes the only moderate-gradient section of the entire
Fall River. At the Navigation Limit the river bends to the west, and Bear Creek
gravel extends completely across the river, burying most lava substrate. Sand and
silt from the Bear Creek drainage, and local erosion, cover portions of the Fall
River channel. The substrate in the lakes and reservoirs consists primarily of fine
organic sediment with little to no natural lava substrate except in spring areas.
Lava, however, was imported along the levees of Big Lake and parts of the Tule

River during some periods of levee maintenance.

Tule River, Little Tule River, and lower Fall River (below the mouth of Tule
River) are variable-temperature, slow-moving, low-gradient rivers that are
characterized by seasonal variations in temperature (5-23 degrees Celsius [41-73
degrees Fahrenheit] ) and turbidity, with warm eutrophic water (nutrient-rich and
low in oxygen) in the summer (Ellis and Hesseldenz 1993). These rivers are
moderately wide with an average depth of 2.5-3.0 meters (8-10 feet). The
substrate in these rivers is predominantly silt and fine organic matter. Although
there is little to no natural lava substrate, some lava was imported into these rivers

for levee maintenance and bridge construction.

The Pit River is a variable-temperature (5-23 degrees Celsius [41-73 degrees
Fahrenheit]), moderate-gradient (1.6 percent slope) river from its entrance into the
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canyon at Big Eddy, 3.6 kilometers (2.2 miles) below the mouth of Fall River, to
Lake Britton, 14.2 kilometers (8.8 miles) downstream (Figure 5). The substrate in

the Pit River consists predominantly of large boulders.

Fish. The fish community in the midsections of the Pit River drainage comprises
both native and nonnative species. The fish community in the spring areas is
composed of predominantly native species (Table 1). Chinook salmon
(Oncorhynchus tshawytscha) were found in the Pit River prior to the completion
of downstream hydroelectric dams. Spring runs of chinook ascended the Pit River
into Hat Creek and some even passed the Pit River Falls to ascend the Fall River

to its source near Dana (Rutter 1903).

Benthic Invertebrates. The midsections of the Pit River drainage support a
diverse community of benthic (bottom-living) invertebrates (Table 1),

including the Shasta crayfish and two introduced species of crayfish. There is a
diverse freshwater molluscan community. Several species of snails are associated
with the spring-fed headwater areas. Extensive middens, or waste piles, of
freshwater mussel shells are found throughout the drainage, especially along Big
Lake and Tule River. These middens reflect both muskrat predation and the long-
time history of mussel use by the Achumawi and Atsugewi tribes.

Aquatic Vegetation. Aquatic vegetation (Table 1) in the spring areas of the Pit
River drainage covered 0-35 percent of the bottom (benthic coverage) (Ellis and
Hesseldenz 1993). Aquatic vegetation covered much of the bottom in the
manmade reservoirs such as Pit 1 Forebay and Fall River Pond, ranging between
30 to 95 percent; in the rivers, coverage ranged from 15 to 25 percent (Ellis and
Hesseldenz 1993). The vegetation in the upper Fall River was a mix of spring-
type vegetation (i.e., Myriophyllum and Rhizoclonium) and river-type vegetation
(i.e., Elodea and Zannichellia). Vegetation covered about 30 percent of the upper
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Fall River (Ellis and Hesseldenz 1993). In 1992, small patches of spring-type
vegetation occurred in the upper Fall River above the PG&E Pipeline crossing,
while extensive beds of Elodea and Zannichellia dominated the river channel
downstream (Ellis and Hesseldenz 1993). Significant amounts of aquatic
vegetation did not occur in the Pit River canyon upstream of the Pit 1
Powerhouse. Above the canyon in Big Eddy pool, there were patches of
Ceratophyllum associated with the streambanks. There were a few extensive beds
of Elodea and Zannichellia in the Pit River downstream of the Pit 1 Powerhouse.

F. Distribution and Population Status

To discuss historic and current population status as well as restoration and
recovery, Shasta crayfish are divided into populations and subpopulations.
The historic range of the Shasta crayfish (Figure 6) refers to the limits of its
geographical distribution and does not imply that species distribution was

continuous across the range.

E.O. Wilson (1992) states that a clearly defined population occupies an exclusive
part of the range of the species. Wilson also cautions that few such objectively
definable populations exist in nature, except for endangered species having so few
organisms left that there is no doubt as to the boundaries of the population.
Furthermore, populations can expand, contract, and reform so the boundaries are

not static.

A population of Shasta crayfish is defined as all Shasta crayfish occupying a
defined area that is isolated from other similar groups (see Lincoln ef al. 1982).
Either physical barriers or distance isolate these populations and preclude all
genetic exchange between populations. Many of the Shasta crayfish populations

are divided into two or more subpopulations. These subpopulations occupy a
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distinct and exclusive part of the population area and are isolated to some degree
from other subpopulations. Genetic exchange probably occurs between some

subpopulations, at least in a downstream direction.
Historic Distribution

Although it is impossible to determine the exact historic range and distribution of
the Shasta crayfish, information on the ancestral range may be derived from the
study of the distribution (zoogeography) and history of crayfish collections in this
region. The unique volcanic and spring environment of this area (Figure 3)
supports a number of rare and endemic species, including sculpin and molluscs
found only within the Fall River system and a few nearby springs in the Hat Creek
and Pit River drainages (Moyle and Daniels 1982, Taylor 1981). This distinct
zoogeographical region is defined by a constant supply of cold, clear, spring water
and lava substrate. These habitat conditions do not occur in Bear Creek or the Pit
River above the mouth of Fall River and are less common in the Pit River below
the mouth of Burney Creek and in Hat Creek upstream of the Rising River.

Shasta crayfish are considered a relict species, a species surviving from a much
earlier geologic era, whose ancestral range was reduced by geologic and related
climatic changes (Bouchard 1978). Historic and zoogeographical evidence,
however, indicates that the historic range (i.e., the limits of the geographic
distribution) of the Shasta crayfish has remained relatively unchanged during the
period of recorded history (Ellis, submitted). All known collections of Shasta

crayfish are within the limits of their current range.

Although the limits of its range appear to be relatively unchanged in historical
times, the distribution of Shasta crayfish within that range is probably more
fragmented than it was historically. Shasta crayfish, however, were probably

never continuously distributed throughout their range. The strong correlation
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between Shasta crayfish and lava substrate, and the discontinuous distribution of
lava substrate in the drainage, indicate that the distribution of Shasta crayfish was
most likely always patchy. The distribution of Shasta crayfish has become
patchier because large areas of lava substrate have become unavailable to Shasta
crayfish during this century as a result of habitat alterations (e.g., excavations,
impoundments, water diversions, and sedimentation) and the colonization of lava

substrate by introduced crayfish.

Many of the disjunct populations of Shasta crayfish are isolated not only by
distance, but by natural barriers or by manmade barriers, such as hydroelectric
development. Given that Shasta crayfish once occurred in the Fall River at Fall
River Mills and probably occurred in the mainstem Hat Creek near Cassel (Faxon
1914), it is likely that Shasta crayfish occurred at other sites between present

population locations.

Although Shasta crayfish are not known to move great distances from their
habitat, they have dispersed into and colonized new areas when habitat was
created by the addition of lava substrate, such as around bridge abutments and the
levees in the upper Tule River subdrainage (upper Tule River refers to the section
of river that widens around Horr Pond and continues to Big Lake). In some cases,
Shasta crayfish may have had to move through areas without lava substrate to
reach new habitat. Even though Shasta crayfish probably did not occupy nonlava
substrate areas, dispersal through these areas would have played a key role in gene
flow (i.e., the exchange of genetic material between populations through
interbreeding) and allowed maximum use of islands of lava substrate. Periodic
dispersal of a few individuals from another location, even if restricted to
downstream migration, could result in adequate gene flow to maintain the genetic
variability of the species. The loss of lava substrate in historic times has restricted
the dispersal of Shasta crayfish, isolated subpopulations, and created disjunct
populations.
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Additional evidence of the historic distribution of Shasta crayfish has been
derived from the historical food habits of two major tribes of Pit River Indians,
the Achumawi (Fall River and south side of the Pit River) and Atsugewi (Hat
Creek), who used crayfish as a food supply (Voegelin 1942). These Native
Americans built stone fish traps in the shallow spring areas of the Fall and Pit
Rivers to catch Sacramento suckers (Catosfomus occidentalis) during spawning
(Evans 1987, Dreyer and Johnson 1988). The stone fish traps in the headwaters of
the Fall River had the greatest densities of Shasta crayfish because the lava
boulder and cobble walls and lava cobble and gravel substrate of the traps
provided excellent habitat for Shasta crayfish. Although there is little information
on the use of crayfish by early Americans, the available data give no indication of
a broader historic range for the Shasta crayfish. No crayfish were reported in the
native environment along the upper Pit River (Voegelin 1942).

Current Distribution

The Hat Creek mudflow of 1915, which was triggered by an eruption of Lassen
Peak, resulted in a massive fish kill throughout the mainstem of Hat Creek
(Merrill 1916, Bryant 1918, California Department of Fish and Game 1920). This
mudflow would have isolated Shasta crayfish in the tributaries of Hat Creek by
destroying Shasta crayfish and Shasta crayfish habitat in the mainstem of Hat
Creek. The development of the Pit 1 and Hat Creek hydroelectric projects in
1920-1922 separated (1) the Fall River drainage from the Pit River; (2) the Pit
River from most of the Hat Creek drainage; and (3) the middle section of the Hat
Creek drainage, including Rock Creek and Crystal Lake, from the Rising River
subdrainage and upper Hat Creek (Figure 6).

The range of the Shasta crayfish was divided into at least five areas that were

geographically isolated by major physical barriers created during the hydroelectric
development of the area (Figure 6): (1) the Fall River drainage upstream from the
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Pit 1 Diversion Dam; (2) the Fall River between the Pit 1 Diversion Dam and the
Fall River Weir; (3) the Pit River, including Sucker Springs Creek and lower Hat
Creek downstream from the Hat 2 Powerhouse; (4) Crystal and Baum Lakes and
Rock Creek; and 5) the Rising River subdrainage and Hat Creek upstream of
Cassel. In 1946, the Fall River was further divided by the construction of the Pit
1 Forebay Dam. In 1968, construction of a fish barrier dam just upstream from
the mouth of Hat Creek further divided Hat Creek and the Pit River. This dam
created a waterfall that prevented fish from moving upstream from Lake Britton
into Hat Creek (M. Ellis, pers. comm.).

As a result of construction of these physical barriers and other disturbances that
created large stretches of unsuitable habitat, Shasta crayfish currently were
isolated geographically into eight populations (Figure 7); however, only seven
populations remain in existence. The Fall River population, which was probably
originally much more continuous than present, is now separated into four
geographically isolated populations: (1) upper Fall River, (2) Spring Creek, (3)
Lava Creek, and (4) upper Tule River, including Ja-She Creek, upper Tule River,
and Big Lake. The (5) Fall River, Fall River Mills population is considered
extirpated (i.e., no longer exists). The remaining populations include the (6) Pit
River, (7) Hat Creek, Cassel, and (8) Rising River populations. The seven
existing populations comprise several locations or subpopulations that may or
may not have genetic exchange through interbreeding (Table 2).

The first comprehensive survey of Shasta crayfish was conducted by Daniels
(1980, Eng and Daniels 1982). In 1990, PG&E initiated the most thorough and
extensive surveys ever undertaken in the area (Ellis 1991a, 1993a, 1994a, 1995,
1996a, 1996b, Hesseldenz and Ellis 1991, Ellis and Hesseldenz 1993). Ellis
(1996¢) provides an in-depth history of all investigations involving Shasta
crayfish and a history and list of all known museum collections of Shasta crayfish.
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Figure 7. Location of the eight geographically isolated populations of Shasta
crayfish.
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Table 2.

Shasta crayfish population status ', ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status>  Nonnative Owner Threats Suggested Restoration
Subpopulation Invasion®
Upper Fall River
Thousand S N Private, restricted access; Signal crayfish invasion Install barrier at Navigation
Springs fish trap managed as wildlife refuge Limit; support landowner’s
cove management
Thousand S N Private, restricted access; Signal crayfish invasion Install barrier at Navigation
Springs old managed as wildlife refuge Limit; support landowner’s
property line management
Fall River sand S N Private, restricted access Signal crayfish invasion; Install barrier at Navigation
springs Bear Creek gravel and Limit; support landowner’s
sediment management; restore Bear
Creek meadow
Rainbow Spring PS N Private, restricted access Signal crayfish invasion Install barrier at Navigation
Limit
Fall River above SorD Y(SC) Private, restricted access Bear Creek gravel and Install barrier at Navigation
Navigation sediment; shortage of non- Limit; restore Bear Creek
Limit embedded lava substrate; meadow; uncover embedded
further invasions and lava substrate
interactions with signal
crayfish
Fall River below NS Y(SC) Private, navigable - --
Navigation
Limit

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995
2 §= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data
3 N=no; Y=yes; SC=signal crayfish; VC= virile crayfish
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Table 2. Shasta crayfish population status !, ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population
Subpopulation

Owner

Threats

Suggested Restoration

Fall River at
Fletcher’s Bend

Fall River at
Lennihan’s
Footbridge

Spring Creek

Upper coves

Lower fish trap
cove

Private, navigable

Private, navigable

Private, restricted access;
managed as wildlife refuge

Private, restricted access;
managed as wildlife refuge

Bear Creek sediment;
shortage of non-embedded
lava substrate; further
invasions and interactions
with signal crayfish

Bear Creek sediment;
shortage of non-embedded
lava substrate; further
invasions and interactions
with signal crayfish

Signal crayfish invasion

Signal crayfish invasion;
shortage of lava
cobble/boulder substrate

Restore Bear Creek meadow;
add lava cobbles and
boulders; install exclusion
fencing along Fall River

Restore Bear Creek meadow;
add lava cobbles and
boulders; install exclusion
fencing along Fall River

Fortify barrier at Spring Creek
Road crossing (culverts),
continue signal crayfish
eradication upstream

Fortify barrier at Spring Creek
Road crossing; add lava
cobbles and boulders,
continue signal crayfish
eradication upstream

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

? S= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

’ N=no; Y=yes; SC=signal crayfish; VC= virile crayfish



9t

Table 2.

Shasta crayfish population status ', ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status?

Subpopulation

Nonnative
Invasion®

Owner

Threats

Suggested Restoration

Lava Creek

Ivy Horr’s E
northern pond

Lava Creek east SorD

arm

Lava Creek west SorD

arm

Between D
confluence of

arms and

outflow

Lava Creek D
outflow

N?

N?

Y(S)

Y(SC)

Private, restricted access;
managed as wildlife refuge

Private, restricted access;
managed as wildlife refuge

Private, restricted access;
managed as wildlife refuge

Private, restricted access;
managed for fly-fishing

Private, restricted access;
managed for fly-fishing

Introduced largemouth bass

Signal crayfish invasion

Signal crayfish invasion

Further invasions and
interactions with signal
crayfish

Further invasions and
interactions with signal
crayfish

Install barrier at outflow;
support landowner’s
management

Install barrier at outflow;
support landowner’s
management

Install barrier at outflow;
support landowner’s
management; signal crayfish
eradication

Install barrier at outflow;
signal crayfish eradication

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

2 §= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

3 N=no; Y=yes; SC=signal crayfish; VC= virile crayfish
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Table 2.

Shasta crayfish population status ', ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status®>  Nonnative Owner Threats Suggested Restoration
Subpopulation Invasion®
Upper Tule River
East shore upper D Y(SC) PG&E; managed for seasonal Absence of lava substrate; Substrate additions to create
Tule River cattle grazing dredging; further invasions habitat and stabilize levees;
and interactions with signal levee bank stabilization with
crayfish native grasses; eliminate
dredging
South shore D Y(SC) PG&E; managed for seasonal Absence of lava substrate; Substrate additions to create
upper Tule cattle grazing dredging; further invasions habitat and stabilize levees;
River and interactions with signal levee bank stabilization with
crayfish native grasses; eliminate
dredging
South shore Big SorD N? PG&E: levees fenced; Wildlife  Further nonnative Install barrier near Rat Farm;
Lake (1VCin  Habitat Improvement Area invasions/introductions and substrate additions to create
1994) {WHIP) and McArthur swamp interactions; lava substrate habitat and stabilize levees;
managed for wildlife and shortage; dredging levee bank stabilization with
seasonal cattle grazing native grasses; eliminate
dredging; signal crayfish
eradication
East Big Lake SorD N PG&E (lake/riverbed) Signal crayfish invasion Install barrier near Rat Farm

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

2 5= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

3 N=no; Y=yes; SC=signal crayfish; VC= virile crayfish
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Table 2.

Shasta crayfish population status ', ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status?  Nonnative Owner Threats Suggested Restoration
Subpopulation Invasion®
Northeast Big S N PG&E (lake/riverbed); CDPR Signal crayfish invasion Install barrier near Rat Farm;
Lake (Ahjumawi Lava Springs SP) substrate additions
North Big Lake S N PG&E Signal crayfish invasion Install barrier near Rat Farm
Big Lake S N PG&E (lake/riverbed); CDPR Signal crayfish invasion Install barrier near Rat Farm
Springs (Ahjumawi Lava Springs SP)
Northwest Big S N PG&E (lake/riverbed); CDPR Signal crayfish invasion Install barrier near Rat Farm,
Lake (Ahjumawi Lava Springs SP) substrate additions
Northeast upper D Y(SC) PG&E (lake/riverbed); CDPR Further signal crayfish Install barrier near Rat Farm;
Tule River (Ahjumawi Lava Springs SP) invasions and interactions; substrate additions to create
virile crayfish invasion; habitat and stabilize levees;
absence of lava substrate signal crayfish eradication
Horr Pond S N PG&E (riverbed on south side Signal crayfish invasion; Substrate additions to create
levees of levees); CDPR (Ahjumawi absence of lava substrate habitat
Lava Springs SP)
Tule Coves SorD Y(SC) PG&E (lake/riverbed); CDPR Further signal crayfish Install barrier; signal crayfish
(Ahjumawi Lava Springs SP) invasions and interactions eradication
Crystal Springs, SorD Y(SC) PG&E (lake/riverbed); CDPR Further signal crayfish Install barrier

Cove, and Inlet

(Ahjumawi Lava Springs SP)

invasions and interactions

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

2 §= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

3 N=no; Y=yes; SC=signal crayfish; VC= virile crayfish
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Table 2.

Shasta crayfish population status !, ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status>  Nonnative Owner Threats Suggested Restoration
Subpopulation Invasion®
Ja-She Creek S N? PG&E (water rights); CDPR Signal crayfish invasion Install barrier at Ahjumawi SP
headwaters (Ahjumawi Lava Springs SP) Road crossing; signal crayfish
eradication
Fall River, Fall
River Mills
Fall River Pond PE Y(SC/VC) PG&E -- --
Pit River
Pit River Falls ID Y (VO) PG&E Interactions with virile Determine distribution,
crayfish; signal crayfish abundance, and relative
invasion; water quality abundance in mainstem
Pit River ID Y(SC/VC) PG&E Interactions with virile and Determine distribution,
Canyon spring signal crayfish; water quality  abundance, and relative
abundance in mainstem
Sucker Springs, D Y(SC) PG&E Signal crayfish invasions and  Install barrier at downstream
Pond 3 interactions; shortage of lava end of Ponds 4 and 5; signal

cobble/boulder substrate

crayfish eradication; substrate
additions

' Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

? 8= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

* N=no; Y=yes; SC=signal crayfish; VC= virile crayfish



Table 2.  Shasta crayfish population status ', ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status?  Nonnative Owner Threats Suggested Restoration

Subpopulation Invasion®

Sucker Springs, D Y(SC) PG&E Shortage of lava Install barrier at downstream

Ponds 4 and 5§ cobble/boulder substrate; end of Pond 3; signal crayfish
further signal crayfish eradication; substrate
invasions and interactions additions

Pit River sand E? Y(SC) PG&E Interactions with signal Determine distribution,

pits crayfish; water quality abundance, and relative

abundance in mainstem;
install exclusion fencing

oy

Hat Creek, Cassel
Crystal Lake D Y(SC) PG&E Further signal crayfish Install barrier at outflow;
southwest invasions and interactions signal crayfish eradication;
springs exclude or remove cattle from
shoreline
Crystal Lake D Y(SC) PG&E Further signal crayfish Install barrier at outflow;

middle cove

invasions and interactions

signal crayfish eradication,
exclude or remove cattle from
shoreline

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

2 §= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

3 N=no; Y=yes; SC=signal crayfish; VC= virile crayfish
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Table 2.  Shasta crayfish population status !, ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Population Status’  Nonnative Owner Threats Suggested Restoration

Subpopulation Invasion’

Crystal Lake D Y(8C) PG&E Further signal crayfish Install barrier at outflow;

outflow invasions and interactions signal crayfish eradication;
exclude or remove cattle from
shoreline

Baum Lake NS Y(SC)  PG&E -- -

Rock Creek E N PG&E, CDFG diverts over 90%  Water diversion, fishery Release more water; possible

of water to Crystal Lake Fish management Shasta crayfish refuge above
Hatchery diversion
Rising River

Rising River S or D? N Private, restricted access; Signal crayfish invasion Install barrier upstream of

Ranch Bridge managed as wildlife refuge confluence with Hat Creek;
support landowner’s
management

Rising River SorD? N Private, restricted access; Signal crayfish invasion Install barrier upstream of

Footbridge managed as wildlife refuge confluence with Hat Creek;
support landowner’s
management

Rising River S N Private, restricted access; Signal crayfish invasion Install barrier upstream of

outflow channel

managed as wildlife refuge

confluence with Hat Creek;
support landowner’s
management

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

2 8= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

3 N=no; Y=yes; SC=signal crayfish; VC= virile crayfish
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Table 2.

Shasta crayfish population status ', ownership, threats, and suggested restoration actions (Figures 4, 5, and 8).

Threats

Suggested Restoration

Population Status?  Nonnative Owner
Subpopulation Invasion®
Rising River Sor D? N Private, restricted access;
Lake managed as wildlife refuge

Signal crayfish invasion

Install barrier upstream of
confluence with Hat Creek;
support landowner’s
management

! Population status and the presence of non-native crayfish species as of surveys conducted between 1991 - 1995

2 8= stable; D= decreasing; PS= presumed stable (last surveyed 1985); NS= not self-sustaining; PE = presumed extirpated; E= extirpated; ID = insufficient data

* N=no; Y=yes; SC=signal crayfish; VC= virile crayfish



Land Ownership. Most of the Shasta crayfish populations, including the largest
populations, are located on private land. The largest landowner of waterfront
property in the midsections of the Pit River drainage is probably PG&E, which
owns property along the Pit River (including Sucker Springs Creek) and in the
upper Tule River drainage and portions of the lower Hat Creek drainage
(including property along Hat Creek, Crystal Lake, and Baum Lake). PG&E also
leases some of its property to California Department of Fish and Game, including
Sucker Springs Creek and property along Crystal and Baum Lakes to operate the
Crystal Lake Fish Hatchery. California Department of Parks and Recreation owns
land in the upper Tule River drainage (i.e., Ahjumawi Lava Springs State Park).
Most of the Bear Creek drainage, which is managed as timberlands, is privately
owned. Table 2 summarizes the status, land ownership, current threats, and
suggested restoration actions for all populations of Shasta crayfish by geographic
area, based on data collected during surveys conducted between 1991 and 1995.

Upper Fall River Population (Thousand Springs). The Fall River is fed by
numerous springs from its origin at Thousand Springs and Dana (Figure 4). In
addition, two